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1607-551X/Copyright ª 2015, KaohsiuAbstract Gastroesophageal reflux disease (GERD) is diagnosed based on typical symptoms in
clinical practice. It can be divided into two groups using endoscopy: erosive and nonerosive re-
flux disease (NERD). This study aims to determine the risk factors of reflux symptoms and
mucosal injury. This was a two-step case-control study derived from a cohort of 998 individuals
having the data of reflux disease questionnaire (RDQ) and endoscopic findings. Those with mi-
nor reflux symptoms were excluded. The first step compared symptomatic GERD patients with
healthy controls. The 2nd step compared patients with erosive esophagitis with healthy con-
trols. In this study, the prevalence of symptomatic GERD and erosive esophagitis were 163
(16.3%) and 166 (16.6%), respectively. A total of 507 asymptomatic individuals without mucosal
injury of the esophagus on endoscopy were selected as healthy controls. Compared with
healthy controls, multivariate analyses showed that symptomatic GERD patients had a
higher prevalence of hypertriglyceridemia [odds ratio (OR), 1.83; 95% confidence interval
(CI) 1.13e2.96] and obesity (OR, 1.85; 95% CI 1.08e3.02). By contrast, male sex (OR, 2.24;
95% CI 1.42e3.52), positive Campylo-like organism (CLO) test (OR, 0.56; 95% CI 0.37e0.84),
and hiatus hernia (OR, 14.36; 95% CI 3.05e67.6) were associated with erosive esophagitis. In
conclusion, obesity and hypertriglyceridemia were associated with reflux symptoms. By
contrast, male sex, negative infection of Helicobacter pylori, and hiatus hernia wereeclare no conflicts of interest.
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Risk factors in gastro-esophageal reflux disease 321Figure 1. Flow chart of this studyassociated with mucosal injury. Our results suggested that risk factors of reflux symptoms or
mucosal injury might be different in GERD patients. The underlying mechanism awaits further
studies to clarify.
Copyright ª 2015, Kaohsiung Medical University. Published by Elsevier Taiwan LLC. All rights
reserved.Introduction
Gastroesophageal reflux disease (GERD) is the most com-
mon gastrointestinal diagnosis in outpatient clinics and is
an expensive cost in the world [1]. The incidence increases
fivefold in most Western countries and appears to be rising
in some developed Asian countries [2]. Montreal consensus
conference defines GERD as a condition, which develops
when the reflux of stomach contents causes troublesome
symptoms and/or complications [3]. In clinical practice,. HbA1cZ glycated hemoglobindiagnosis depends on the typical symptoms including
heartburn and/or acid regurgitation. However, not all pa-
tients with typical reflux symptoms have evidence of
mucosal injury on endoscopy. These inconsistent findings
are known as a paradox phenomenon [4,5]. Some experts
believe that erosive or nonerosive reflux disease (NERD)
may be two different subsets or differently progressive
stages of the disease.
The pathophysiology of GERD is multifactorial such as
impaired esophageal clearance or diminished function of
the antireflux barrier etc. [6,7]. The length or duration of; RDQZ reflux disease questionnaire; REZ reflux esophagitis.
Table 1 Comparison between symptomatic reflux pa-
tients and healthy controls.
Variable Symptomatic
GERD, n Z 163
Healthy
controls,
n Z 507
p
Continuous variables
Mean (SD)
Age, y 51.5 (11.4) 52.0 (11.0) 0.633
Waist
circumference, cm
81.4 (1.5) 80.1 (8.8) 0.145
Fasting glucose,
mg/dL
103.7 (34.8) 98.7 (20.0) 0.083
HbA1c, % 5.69 (1.11) 5.50 (0.59) 0.035
Triglyceride, mg/dL 150.8 (152.8) 124.6 (76.8) 0.037
Cholesterol, mg/dL 200.5 (41.8) 192.7 (36.4) 0.023
HDL, mg/dL 53.6 (16.1) 53.3 (14.1) 0.850
LDL, mg/dL 125.2 (33.3) 123.0 (32.7) 0.455
RDQ score 9.2 (5.0) 0 (0) <0.001
Categorical variables
n (%)
Body mass index, kg/m2
<24 91 (56) 308 (61)
24 and <27 38 (23) 144 (28) 0.004
27 34 (21) 55 (11)
Sex (male) 77 (47) 232 (46) 0.742
CLO 65 (40) 205 (40) 0.900
Diabetes mellitus 18 (11) 40 (8) 0.213
Hypertension 32 (20) 81 (16) 0.278
Smoking 16 (10) 38 (8) 0.344
Use of aspirin 0 (0) 12 (2) 0.081
Alcohol 25 (15) 84 (17) 0.718
Use of NSAID 7 (4) 14 (3) 0.328
Hiatus hernia 1 (1) 2 (1) 0.716
CLOZ Campylo-like organism; GERDZ gastroesophageal reflux
disease; HbA1c Z glycated hemoglobin; HDL Z high density
lipoprotein; LDLZ low density lipoprotein; NSAIDZ nonsteroid
antiinflammatory drug; RDQ Z reflux disease questionnaire;
SD Z standard deviation.
322 C.-H. Li et al.esophageal exposure and the component or volume of
refluxate may influence the clinical manifestations
including symptom perception or mucosal injury [8].
Several factors including environmental, lifestyle, me-
chanical, or metabolic profiles have been investigated in
previous studies [9]. However, the etiology or risk factors of
GERD remain inconclusive. Furthermore, different GERD
populations, either symptomatic or endoscopic, could yield
inconsistent results. Whether the difference exists in the
risk factors of symptom perception or mucosal injury re-
mains unclear. To clarify this important issue, a cross-
sectional study was aimed to investigate whether there
were different risk factors between reflux symptoms and
mucosal injury in GERD patients.
Methods
Participants and study design
A total of 2843 potentially eligible individuals were screened
at a health examination center in Taipei Tzu Chi Hospital,
Buddhist Tzu Chi Medical Foundation, Taipei, Taiwan from
July 2007 to December 2007. Among these, 1001 (35.2%)
responded to this survey; three of them were excluded due
to inadequate data. Each participant completed a reflux
disease questionnaire (RDQ) and received panendoscopic
examinations (Fig. 1). Symptomatic GERD was defined if
moderate symptoms were more than once per week or mild
symptom more than twice per week. Thus, if the score of
RDQ was 5, it was categorized as symptomatic GERD. Ac-
cording to the RDQ scores, the participants were divided
into three groups: 163 (16.3%) were symptomatic GERD
(total score of RDQ  5); 241 (24.1%) had minor symptoms
(5 > total score of RDQ > 0); 594 were completely asymp-
tomatic (score of RDQ Z 0). A total of 166 patients had
erosive esophagitis on endoscopy. A total of 507 asymp-
tomatic participants with no erosive esophagitis on endos-
copy were recruited as healthy controls [1 case was
excluded due to lack of glycated hemoglobin (HbA1c)
result]. The study design was a two-step caseecontrol
study. The first step was to find the difference between
symptomatic GERD patients and healthy controls. The sec-
ond step was to compare the clinical factors between pa-
tients with erosive esophagitis and healthy controls.
Questionnaire and clinical characters
The RDQ is a reliable and validated instrument for the
diagnosis of GERD [10,11]. It can be easily administered by
primary care physicians in community settings and also used
for the diagnosis of GERD in clinical studies of Taiwan
[5,12,13]. It examines symptoms of heartburn, acid regur-
gitation, and dyspepsia, and contains a total of 12 ques-
tions: six about the frequency and six about the severity.
Four questions were grouped as reflux symptoms, including
a burning feeling or pain behind the breastbone, acid taste
in mouth, and movement of materials upward from the
stomach. Two questions were grouped as symptoms of
dyspepsia, including a burning feeling or pain in the center
of the upper stomach. The response options are categorized
from one to five points for the frequency and severity ofsymptoms. Prior to receiving upper gastrointestinal endo-
scopic examination, all participants underwent personal
interviews and RDQ was scored by a specially trained nurse
blinded to the clinical data and endoscopic findings. De-
mographic data including age, sex, smoking, and alcohol
consumption were recorded and clinical parameters
including body mass index (BMI), waist circumference, blood
pressure, fasting plasma glucose, triglyceride, cholesterol,
high density lipoprotein cholesterol (HDL), and low density
lipoprotein cholesterol (LDL) were collected. Eight experi-
enced endoscopists, who were blinded to the clinical and
laboratory data, performed the upper gastrointestinal en-
doscopies. A meeting was held to reach a consensus about
the diagnosis of erosive esophagitis prior to the start of this
study. This can decrease the possibility of discrepancy in the
diagnosis of erosive esophagitis. The presence of erosive
esophagitis was defined as yes or no and the severity was
graded from A to D according to the Los Angeles classifica-
tion [14]. The definitions were as follows: Grade A: one or
more mucosa break 5 mm that does not extend the tops of
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>5 mm long that does not extend the tops of two mucosa
folds; Grade C: one or more mucosa break that is continuous
between the tops of two or more mucosa folds but that
involves <75% of the circumference; Grade D: one or more
mucosa break that involves at least 75% of the esophageal
circumference [12]. Furthermore, the endoscopic pictures
were reviewed by one endoscopist (P.C. Wang) to confirm
consistency. During endoscopic examination, a biopsy
specimen was taken from greater or lesser curvature of the
antrum for a Campylo-like organism (CLO) test [15,16]. A
positive CLO test clinically implicated active infection of
Helicobacter pylori. Higher HbA1c was defined as >6%. In
guidelines of the National Health Department of Taiwan,
being overweight was defined as BMI>24 kg/m2 and27 kg/
m2. Obesity was defined as BMI >27 kg/m2.
Ethical considerations
The study was approved by the Ethical Committee of
Buddhist Tzu-Chi General Hospital. Informed consent was
obtained from each participant.
Statistical analysis
Continuous variables were summarized as mean  standard
deviation and categorical variables as frequency and per-
centage. This was a two-step caseecontrol study. The firstTable 2 Factors associated with reflux symptoms in this study
Factors Univariate analys
OR (95% CI)
Age, y 0.99 (0.98,1.01)
Central obesitya 1.39 (0.96,2.02)
Elevated fasting glucose 1.40 (0.96,2.03)
High HbA1b 1.41 (0.83,2.38)
Hypertriglyceridemia 1.98 (1.35,2.90)
Hypercholesterolemia 1.29 (0.90,1.84)
Lower HDL 1.31 (0.90,1.92)
Higher LDL 1.18 (0.83,1.69)
Body mass index (<24 as reference)
24 and <27 0.89 (0.58,1.37)
27 2.09 (1.29,3.41)
Sex (male) 1.06 (0.75,1.51)
CLO 0.98 (0.68,1.40)
Diabetes mellitus 1.45 (0.81,2.61)
Hypertension 1.29 (0.82,2.02)
Smoking 1.34 (0.73,2.48)
Use of aspirin 0.00 (0.00,e)
Alcohol 0.91 (0.56,1.48)
Use of NSAID 1.58 (0.63,3.99)
Hiatus hernia 1.56 (0.14,17.3)
CI Z confidence interval; CLO Z Campylo-like organism; HbA1c Z g
density lipoprotein; NSAID Z nonsteroid antiinflammatory drug; OR Z
a Central obesity is defined as the waist circumference >90 cm in m
b Elevated fasting glucose defined as >100 mg/dL; high HbA1c de
percholesterolemia defined as >200 mg/dL; lower HDL defined as <4
>130 mg/dL.step aimed to find factors associated with reflux symptoms.
The factors associated with esophageal erosion in patients
with reflux symptoms were confirmed in the 2nd step. These
variables between two groups including demographic data
and known risk factors were analyzed by the Student t test
and Chi-square test. Logistic regression methods were
applied for each variable for univariate and multivariate
analysis. The odds ratio (OR) and 95% confidence interval
(CI) were obtained. A two-tailed p < 0.05 was considered
statistically significant. Statistical analysis was done using
the software SPSS version 13.0 (SPSS Inc., Chicago, IL, USA).
Results
The prevalence of symptomatic GERD and the
prevalence of NERD in symptomatic GERD patients
The prevalence of symptomatic GERD and erosive esopha-
gitis were 16.3% (163/998) and 16.6% (166/998), respec-
tively, in this cohort. NERD constituted 77.8% (127/163) in
symptomatic GERD patients.
Comparison of variables between patients with
reflux symptoms and healthy controls
There were 77 men (47%) and 86 women (53%) in symp-
tomatic GERD patients, compared to 232 men (45.8%) and
275 women (54.2%) in healthy controls. There were nopopulation using univariate and multivariate analyses.
is Multivariate analysis
p OR (95% CI) p
0.632 0.99 (0.97,1.01) 0.282
0.084 1.33 (0.87,2.03) 0.192
0.082 1.23 (0.78,1.96) 0.373
0.202 0.98 (0.47,2.03) 0.946
0.001 1.83 (1.13,2.96) 0.014
0.166 1.32 (0.73,2.39) 0.355
0.162 0.94 (0.58,1.53) 0.811
0.387 0.91 (0.51,1.60) 0.732
0.604 0.72 (0.45,1.15) 0.169
0.003 1.85 (1.08,3.02) 0.025
0.742 1.13 (0.73,1.75) 0.578
0.900 1.06 (0.73,1.55) 0.746
0.215 1.00 (0.43,2.31) 0.990
0.279 1.35 (0.79,2.31) 0.273
0.345 1.25 (0.60,2.61) 0.553
0.999 0.00 (0.00,e) 0.999
0.759 0.74 (0.42,1.37) 0.361
0.332 1.71 (0.62,4.70) 0.299
0.718 1.35 (0.11,17.1) 0.817
lycated hemoglobin; HDL Z high density lipoprotein; LDL Z low
odds ratio.
en or >80 cm in women.
fined as >6%; hypertriglyceridemia defined as >150 mg/dL; hy-
0 mg/dL in men or <50 mg/dL in women; higher LDL defined as
Table 3 Comparison between patients of erosive esoph-
agitis and healthy controls.
Variable Erosive
esophagitis,
n Z 166
Healthy
controls,
n Z 507
p
Continuous variables
Mean (SD)
Age, y 53.6 (13.2) 52.0 (11.0) 0.134
Waist
circumference, cm
79.6 (11.3) 80.1 (8.8) 0.611
Fasting glucose,
mg/dL
103.8 (29.0) 98.7 (20.0) 0.036
HbA1c, % 5.72 (0.97) 5.50 (0.59) 0.007
Triglyceride, mg/dL 136 (77.4) 124.6 (76.8) 0.099
Cholesterol, mg/dL 201.8 (37.0) 192.8 (36.4) 0.006
HDL, mg/dL 52.8 (16.2) 53.3 (14.1) 0.698
LDL, mg/dL 131.4 (32.9) 123.0 (32.7) 0.004
Categorical variables
n (%)
Body mass index,
kg/m2
0.270
<24 93 (56) 307 (61)
24 and <27 47 (28) 144 (28)
27 26 (16) 56 (11)
Sex (male) 112 (68) 232 (46) < 0.001
CLO 50 (30) 205 (40) 0.017
Diabetes mellitus 21 (13) 40 (8) 0.064
Hypertension 36 (22) 81 (16) 0.092
Smoking 24 (15) 38 (8) 0.007
Use of aspirin 2 (1) 12 (2) 0.535
Alcohol 50 (30) 84 (17) < 0.001
Use of NSAID 4 (2) 14 (3) 0.807
Hiatus hernia 12 (7) 2 (1) < 0.001
CLO Z Campylo-like organism; HbA1c Z glycated hemoglobin;
HDLZ high density lipoprotein; LDLZ low density lipoprotein;
NSAID Z nonsteroid antiinflammatory drug; RDQ Z reflux dis-
ease questionnaire; SD Z standard deviation.
324 C.-H. Li et al.significant differences between the two groups in age, sex,
waist circumference, HDL, LDL, diabetes mellitus, hyper-
tension, hiatus hernia, CLO test and nonsteroid antiin-
flammatory drugs (NSAID), smoking, and the status of
drinking history. Patients with reflux symptoms had higher
HbA1c, BMI, serum triglyceride, and cholesterol levels than
healthy controls. Fasting plasma glucose tended to be
higher in patients with reflux symptoms as compared with
healthy controls, but the frequency of “use of aspirin”
tended to be lower in patients with reflux symptoms
(Table 1).
Factors associated with reflux symptoms using
univariate and multivariate analyses
Using logistic regression analysis, hypertriglyceridemia and
BMI >27 were associated with reflux symptoms in univariate
analysis. Multivariate analysis also confirmed that BMI >27
(OR 1.85, 95% CI 1.08e3.02) and hypertriglyceridemia (OR
1.83, 95% CI 1.13e2.96) were independent factors associ-
ated with reflux symptoms (Table 2).
Factors associated with endoscopic findings of
mucosal injury using univariate and multivariate
analyses
The patients with erosive esophagitis had higher fasting
glucose, HbA1c, cholesterol, LDL, male sex, smoking,
alcohol drinking, and hiatus hernia than healthy controls,
but lower frequency in positive CLO test (Table 3). In uni-
variate analysis, male sex, central obesity, fasting plasma
glucose, HbA1c, triglyceride, cholesterol, LDL, CLO test,
hiatus hernia, smoking, and alcohol drinking were associ-
ated with erosive esophagitis. Using multivariate analysis,
male sex (OR, 2.24; 95% CI 1.42e3.52), positive CLO test
(OR, 0.56; 95% CI 0.37e0.84), and hiatus hernia (OR, 14.36;
95% CI 3.05e67.6) were associated with endoscopic findings
of mucosal injury (Table 4)
Discussion
In this two-step caseecontrol study, the first step revealed
that patients with reflux symptoms were more obese and
had a higher frequency of hypertriglyceridemia than
healthy controls. The second step found that patients with
endoscopic findings of mucosa injury had a higher preva-
lence of male sex and hiatus hernia compared with healthy
controls, but a lower prevalence of positive CLO test. Our
results found that the risk factors of reflux symptoms or
mucosal injury were totally different in GERD patients.
These findings paved a road to realize the different roles of
risk factors in GERD patients.
The paradox of GERD between reflux symptoms and
erosive esophagitis is an interesting issue. In clinical prac-
tice, more than half of patients with reflux symptoms fail to
have endoscopic findings of mucosal injury and 43e45.3% of
patients with erosive esophagitis on endoscopy were
asymptomatic during health examinations [17,18]. In this
study population from the health examination center, the
percentage of NERD was 77.9% (127/163) in symptomaticGERD patients and the prevalence of asymptomatic erosive
esophagitis was 14.5% (86/594). Of 166 individuals with
erosive esophagitis, 86 (51.8%) were asymptomatic partic-
ipants. A recent study mentioned the considerably
different factors between erosive esophagitis and NERD,
suggesting these two disorders are pathophysiologically
distinct [19]. Our study provided further evidence that risk
factors of reflux symptoms were totally different with those
of mucosal injury in the same population, suggesting the
paradox also existed in the risk factors of GERD.
Obesity is generally considered as an important risk
factors for GERD. It was reported to be associated with
GERD symptoms and erosive esophagitis [20]. Obesity could
induce the change of gastroesophageal anatomy and phys-
iology, including diminished function of the lower esopha-
geal sphincter, increased intragastric pressure, and the
development of hiatus hernia. Even in individuals who gain
weight but still have a BMI within the normal range, a
higher BMI still has an increased risk of developing GERD
symptoms. A recent meta-analysis showed a positive asso-
ciation between BMI and erosive esophagitis, especially in
Table 4 Factors associated with erosive esophagitis in this study population using univariate and multivariate analyses.
Factors Univariate analysis Multivariate analysis
OR (95% CI) p OR (95% CI) p
Age, y 1.01 (1,1.03) 0.099 1.00 (0.99,1.02) 0.622
Central obesitya 0.63 (0.41,0.96) 0.033 0.90 (0.55,1.46) 0.660
Elevated fasting glucose 1.55 (1.07,2.24) 0.021 1.16 (0.72,1.87) 0.541
High HbA1b 1.81 (1.11,2.96) 0.018 1.55 (0.76,3.13) 0.228
Hypertriglyceridemia 1.73 (1.18,2.54) 0.005 1.27 (0.79,2.04) 0.328
Hypercholesterolemia 1.59 (1.12,2.26) 0.010 1.55 (0.86,2.81) 0.144
Lower HDL 1.05 (0.71,1.54) 0.823 1.05 (0.639,1.709) 0.860
Higher LDL 1.49 (1.05,2.11) 0.028 1.03 (0.57,1.84) 0.926
Body mass index (<24 as reference)
24 and <27 1.08 (0.72,1.61) 0.717 0.73 (0.45,1.16) 0.181
27 1.53 (0.91,2.58) 0.107 1.11 (0.61,2.03) 0.733
Sex (male) 0.41 (0.28,0.59) 0.001 2.24 (1.42,3.52) 0.001
CLO test 0.64 (0.44,0.93) 0.018 0.56 (0.37,0.84) 0.005
Diabetes mellitus 1.69 (0.97,2.96) 0.066 0.85 (0.37,1.93) 0.688
Hypertension 1.46 (0.94,2.26) 0.093 1.22 (0.72,2.06) 0.469
Smoking 2.09 (1.21,3.60) 0.008 1.02 (0.52,1.99) 0.964
Use of aspirin 0.50 (0.11,2.27) 0.372 0.37 (0.08,1.80) 0.219
Alcohol 2.17 (1.45,3.26) < 0.001 1.47 (0.88,2.44) 0.142
Use of NSAID 0.87 (0.28,2.68) 0.808 0.92 (0.28,3.04) 0.895
Hiatus hernia 19.68 (4.36,88.87) < 0.001 14.36 (3.05,67.60) 0.001
CI Z confidence interval; CLO Z Campylo-like organism; HbA1c Z glycated hemoglobin; HDL Z high density lipoprotein; LDL Z low
density lipoprotein; NSAID Z nonsteroid antiinflammatory drug; OR Z odds ratio.
a Central obesity is defined as the waist circumference >90 cm in men or >80 cm in women.
b Elevated fasting glucose defined as >100 mg/dL; high HbA1c defined as >6%; hypertriglyceridemia defined as >150 mg/dL; hy-
percholesterolemia defined as >200 mg/dL; lower HDL defined as <40 mg/dL in men or <50 mg/dL in women; higher LDL defined as
>130 mg/dL.
Risk factors in gastro-esophageal reflux disease 325males [21]. Our study had inconsistent findings that obesity
was only associated with reflux symptoms instead of erosive
esophagitis. The possible explanation was that the group of
erosive esophagitis included asymptomatic and symptom-
atic participants in this study, which was different from
previous studies. Therefore, further studies are needed to
clarify this important issue.
Metabolic syndrome or its component was reported to be
associated with erosive esophagitis. This association also
existed in young adults [22]. A Japanese study found that
male sex, obesity, hyperglycemia, and hypertension were
independent risk factors for erosive esophagitis. They
concluded that the components of metabolic syndrome
were common risk factors of erosive esophagitis [23]. Our
results found hypertriglyceridemia was significantly asso-
ciated with reflux symptoms, but not with erosive esopha-
gitis. The possible explanation for this inconsistent finding
was that hypertriglyceridemia, one component of meta-
bolic syndrome, correlated with obesity and diabetes mel-
litus. These comorbid diseases were risk factors of GERD
and could have confounding effects. In addition, one of the
reasons in patients with hypertriglyceridemia was diet,
especially sweet or oily food. These kinds of food could
increase the risk of developing reflux symptoms. Never-
theless, further studies are needed to clarify this important
issue.
Male sex is known to be a risk factor for erosive esoph-
agitis. In an asymptomatic population, males had more
esophageal acid exposure than females using a 24-houresophageal pH monitor [24]. A meta-analysis showed that
males were predominant in erosive esophagitis, Barrett’s
esophagus, and esophageal adenocarcinoma, but not in
NERD [25]. Two previous studies including ours also found
that male sex was associated with asymptomatic erosive
esophagitis [5,26]. Taking these lines of evidence together,
male sex had an increased risk of erosive esophagitis not
only in symptomatic GERD patients, but also in an asymp-
tomatic population. As we know, hiatus hernia is considered
as a major component of GERD pathogenesis. It could
reduce the lower esophageal sphincter pressure and in-
crease the frequency of transient lower esophageal
sphincter relaxation [27,28]. H. pylori infection seems to
have a negative association with GERD, especially from
Asian studies [29]. Our study had consistent findings with a
previous Japanese study of 4990 young adults. They found
that the risk of erosive esophagitis was increased in pa-
tients with hiatus hernia, but decreased in those with H.
pylori infection [22].
Our study had some notable features. First, this study
population completed the RDQ, which was validated as a
method to diagnose GERD. Healthy controls were selected
if the RDQ score was zero plus no mucosal injury on
endoscopy. The group of minor symptoms was excluded.
Therefore, healthy controls were completely free of reflux
symptoms and selected as the control group. Furthermore,
our study included both populations of symptomatic and
asymptomatic erosive esophagitis for analyzing the risk
factors of mucosal injury. Therefore, the risk factors of
326 C.-H. Li et al.reflux symptoms or mucosal injury could be more accu-
rately identified in subsequent two-step caseecontrol an-
alyses. Second, each participant had the data of RDQ
score, endoscopic findings, and results of a CLO test.
Therefore, we could clarify the impact of various factors
on symptom perception and mucosal injury at the same
time. However, some limitations should be acknowledged
in our study. First, some drugs could affect the function of
low esophageal sphincter and induce the occurrence of
GERD. In this study, although we only recorded the use of
aspirin and NSAID, this confounding effect may be minimal
due to fewer drug users in this relatively healthy popula-
tion. Second, the data about the components of diet and
dietary habits in each participant were not available.
Some food such as chocolate, oily food, etc., could in-
crease the probability of reflux symptoms [30,31]. Never-
theless, the impact of diet on GERD was not the concern in
this study. Third, psychological traits could affect the
perception of reflux symptoms. This was not evaluated in
the study population. Finally, because the study popula-
tion was enrolled from the health examination center, our
findings could not be generalized to the general
population.
In summary, obesity and hypertriglyceridemia were
associated with reflux symptoms. By contrast, male sex,
hiatus hernia, and negative infection of H. pylori were
associated with endoscopic findings of mucosal injury. Our
results suggested that the risk factors for reflux symptoms
or mucosal injury were totally different in GERD patients.
The underlying mechanism needs further studies to clarify.Acknowledgments
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